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death in patients
edicting this clinical
diction model based on

Methods: GSE56350, GSE7057
Expression Omnibus (GEO) dat

, gene ontology and enriched pathway analysis of
ich. Furthermore, the mRNA-miRNA network
. Gene expression level was also detected by
ime PCR) in colorectal cancer and lymph node tissues.
expressed miRNAs were selected, and 34 mRNAs were

minly enriched in 5 pathways including fatty acid elongation, MAPK
pathway, autophagy, signaling pathways regulating pluripotency of stem cells, and

have a significant difference in colorectal cancer tissues compared with normal tissues.
Conclusion: By using microarray and bioinformatics analyses, differentially expressed
miRNAs were identified and a complete gene network was constructed. To our knowledge,
HS3ST2 and related molecules including hsa-miR-100 and hsa-miR-99a were firstly identi-
fied as potential biomarkers in the development of lymph node metastatic colorectal cancer.
Keywords: microRNA, colorectal cancer, lymph node metastasis, prognostic signature

Introduction

Colorectal cancer (CRC) is a serious health threat worldwide. Unfortunately, ~25% to
40% will develop a tumor recurrence despite a potentially curative operation.
Compared with the early stage, the response and overall survival of patients with
advanced colorectal cancer are still very poor." Surgical tumor resection is still the
cornerstone of the treatment of local advanced colorectal cancer. There is no curable
treatment for metastatic tumors that cannot be surgically removed, as well as those
with poor chemotherapy and radiotherapy effects.” At present, AJCC’s TNM staging
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system has limited value in predicting recurrence.’*”
Therefore, it is urgent to find out the factors influencing
the recurrence of colorectal cancer, to promote the prog-
nosis evaluation and individualized treatment.

MicroRNAs (miRNAs) are small, non-coding RNAs,
having the function of regulating after gene transcription.’
According to previous studies, miRNAs can regulate many
target genes or one type of miRNAs can be regulated by
many genes.® In particular, Thomas et al found that some
miRNAs can improve the therapeutic effect by improving
the drug sensitivity of cancer cells.” Xuan et al found that
miR-374a, miR-92a, and miR-106a increase drug resis-
tance and promote growth and metastasis of lung cancer.®
Kania et al also reported that miR-9-3p and miR-9-5p
decrease DNA topoisomerase Ilo expression levels in
acquired resistance to etoposide and may act as biomarkers
of responsiveness to TOP2-targeted therapy.” However,
the mechanisms of miRNAs in the adenoma transforma-
tion to adenocarcinoma remain unknown.

In this study, microarray data from the GEO database
and colorectal cancer sample data in the TCGA database
promoted the research of differently expressed miRNAs in
lymph node non-metastasis cancer tissues and lymph node

Materials and M
Microarray Data

sues derived from S#ge II-1II colorectal cancer patients
with (n = 20) or without (n = 15) lymph node metastasis.
MicroRNA expression profiling analysis of these samples
performed on Agilent-021827 Human miRNA
Microarray [miRNA 107 Sep09 2 105]. Dataset
GSE70574, 16 Tl-stage CRCs (7 LNM-positive and 9
LNM- negative tumors) were processed by Agilent-
031181 Unrestricted Human miRNA V16.0 Microarray

030840 (Feature Number version). GSE95109, 13 patients

was

in lymph node-negative subgroup and 9 patients in lymph
node-positive subgroup. The mRNA profiles of all 22
patients were analyzed by Agilent microarray technology
to explore the different expressions between the lymph
node-negative and lymph

subgroup node-positive

subgroup.

Differently Expressed miRNAs and
mRNAs Analysis

The raw count data were firstly normalized with transcripts

per million (TPM) method and undg
mation. R software was used tq
tissues using the Limma

criterion and a signi
considered if the ggf®isti

Function®l an

oad differentially expressed miRNAs. In
transcription factors enrichment analysis was
arried out and 10 transcription factors that may regulate
ifferentially expressed miRNAs were identified. Besides,
we also used this software to obtain target genes of differ-
entially expressed miRNAs. KEGG (Kyoto Encyclopedia
of Genes and Genomes) enrichment analysis was per-
formed by using Cytoscape software. ClueGO is a
Cytoscape plug-in that visualizes the non-redundant bio-
logical terms for large clusters of genes in a functionally
grouped network. The network graph of ClueGO is created
based on kappa statistics. Each node in the graph repre-
sents a term. The connection between nodes reflects the
correlation between terms, while the color of nodes
reflects the enrichment and classification of the node
(which functional group it belongs to).

PPl Network and Clustered

Subnetworks’ Construction

The exploration of protein interactions helps to reveal the
underlying pathological mechanism of colorectal cancer.
In this study, we used the Search Tool for the Retrieval of
Interacting Genes/Proteins (STRING) database (https://
string-db.org/) to construct a protein—protein interaction
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network. By uploading all the target genes, PPI network
including number and size of nodes was constructed.

Prediction of miRNA Target Genes and
miRNA-mRNA Regulatory Network

A previous study suggested that the function of miRNAs
lies in the regulation of target genes. Therefore, the pre-
diction of target genes is particularly important. It can
indirectly understand the biological function and enrich-
ment pathway of miRNAs. The miRNA enrichment func-
tion in FunRich was used to achieve miRNA targeting
prediction. Besides, GSE95109 was downloaded from the
GEO database. By combining the results from FunRich
and difference analysis of GSE95109, screened genes were
identified and the miRNA-mRNA regulatory network was
built by using Cytoscape software.

Construction of a Prognostic Signature
Model

To find out the influence of differential expression of
miRNAs on the prognosis of CRC patients, the univari-
ate and multivariate Cox proportional risk regression

analyzed by univariate Cox regression analysis to select
the prognoses related to DEGs. In the further functional
analysis and development of potential risk characteris-
tics, the least absolute shrinkage and selection operator
(LASSO) method was used to regress the high-dimen-
sional prediction factors.'"' The “glmnet” packet in R
was used to calculate the coefficient and partial like-
lihood deviation."® Through multivariate Cox regression
analysis, we further studied these miRNAs to identify
significant targets and build a risk linear model. To

better understand the relationsha een the selected

using “sur-
AUC (Area

om miRseq, 2 miRNAs (hsa-miR-
iR-99a), which were found to be impor-
ve bioinformatics analysis, were selected

d with real-time qPCR. Specific divergent
ppers for each miRNA were designed according to the
sequ

nces of the linear transcripts, and all divergent
primers are shown in Table 1. Total RNA was extracted
from 20 pairs of lymph node non-metastasis cancer
tissues and lymph node metastatic cancer tissues, and
digested using RNase R. cDNA was synthesized using
the EasyScript One-Step gDNA Removal and cDNA

me Polymerase Chain Reaction, with B-Actin and U6 Used as the Control

Primer Sets
Name

erse Transcriptase Primers (5’ to 3')

RT-qPCR Primers (5’ to 3')

F: CAGTGCAGGGTCCGAGGTAT
R: CGCGAACCCGTAGATCCGAA

hsa-mir-99a

GTCGTATCCAGTGCAGGGTCCGAGGTATTCGCACTGGATACGACCACAAGA

F: CAGTGCAGGGTCCGAGGTAT
R: CGTATAACCCGTAGATCCGAT

Ué GTCGTATCCAGTGCAGGGTCCGAGGTATTCGCACTGGATACGACAAAATA F:

AGAGAAGATTAGCATGGCCCCTG
R: ATCCAGTGCAGGGTCCGAGG

HS3ST F: GGCTGGATTGGTACAGGAGC
R: CCACGATCAGCTTGGTGTCT
B-actin F: CTCCATCCTGGCCTCGCTGT

R: GCTGTCACCTTCACCGTTCC
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Synthesis SuperMix (Transgen Biotech, China). Real-
time PCR was performed on the QuantStudio 5 Real-
Time PCR System (Thermo Fisher) using qPCR SYBR
Green master mix (CloudSeq). The expression levels of
miRNAs were normalized to U6 (internal standard con-
trol) and calculated using the 2—AACt method. All
experiments were performed in triplicate.

Verification of mRNA Expression

The common potential target gene HS3ST2 of 2 miRNAs
(hsa-miR-100 and hsa-miR-99a) was obtained through
bioinformatics analysis, and then real-time qPCR verifica-
tion was conducted. A specific divergent primer was
designed according to the sequences of the linear tran-
scripts, and all divergent primers are shown in Table 2.
Total RNA was extracted from 20 pairs of lymph node
non-metastasis cancer tissues lymph node metastatic can-
cer tissues and digested using RNase R. cDNA was
One-Step gDNA
Removal and cDNA Synthesis SuperMix (Transgen

synthesized using the EasyScript
Biotech, China). Real-time PCR was performed on the
QuantStudio 5 Real-Time PCR System (Thermo Fisher)
using qPCR SYBR Green master mix (CloudSeq). T
expression levels of mRNAs were normalized to B-ac

(internal standard control) and calculated using the
—AACt method. All experiments were p in
triplicate.

Hematoxylin and Eosin
and Analysis

Fresh colorectal carcinom
fixed in 10% formalin ffin before
sectioning and staini

deparaffinized in

protocols.

Table 2 Differenti

Results

Identification of the miRNAs Between
Lymph Node Non-Metastasis Tissues and
Lymph Node Metastasis Tissues

R software was used to research the gene expression
profiles from the GSE56350, GSE70574, and GSE95109.
According to the cut-off criteria (P<0.05 and [log2FC]>1),
GSES56350 and GSE70574 were selected from GEO data-
sets. The volcano and heatmap of the two datasets were,

respectively, shown in Figure 1A—-D. Adatal of 5 common

downregulatd).

Scgening ofgPotential Transcription

Fa&@ors and ®nrichment Analysis
For t at transcription factors are crucial in
FunRich is used to research the top 10 enriched
on, namely SP1, TEADI1, TCF3, SOXI,
NF4A, TFAP4, KLF7, NHLHI1, HENMTI,
EB1. To learn more about the function of these

miRNAs, we uploaded them into FunRich to perform

and

GO analysis. The result showed that differentially
expressed miRNAs were most enriched in the cytoplasm,
nucleoside, transcription factor activity, and RNA bind-
ing (Figure 3A and B). KEGG pathway analysis of these
target genes was performed by using Cytoscape and
ClueGO. These selected mRNAs were mainly enriched
in 5 pathways including Fatty acid elongation, MAPK
signaling pathway,

Autophagy, Signaling pathways

xpressed (DE) miRNAs Identified from GSE56350 and GSE70574 Dataset

ID logFC AveExpr t P.Value Adj. P.val
hsa-miR-99a —3.2998 5.878924 —9.07224 1.47E-10 1.08E-07
hsa-miR-100 —2.35603 6.687555 —4.37844 0.0001 1 0.003868
hsa-miR-125b —2.95247 5.767905 —4.71345 4.12E-05 0.002706
hsa-miR-143 —3.34466 5.496491 —5.96943 9.83E-07 0.000242
hsa-miR-375 —1.95009 7.292945 —3.1063 0.003834 0.049641
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Figure | Volcano plot and heat map of GSE56350, GSE70754, and GSE95109. (A) Unsupervised clustering analysis of differentially expressed (DE) miRNAs in GSE56350. Red dots
indicate significantly up-regulated miRNAs, green dots indicate significantly down-regulated miRNAs. (B) Volcano plots of miRNAs in GSE56350. Red dots indicate up-regulated
DEmiRNAs, green dots indicate down-regulated DEmiRNAs, black dots indicate non-differentially expressed miRNAs. (C) Unsupervised clustering analysis of DE miRNAs in
GSE70754. Red dots indicate significantly up-regulated miRNAs, green dots indicate significantly down-regulated miRNAs. (D) Volcano plots of miRNAs in GSE70754. Red dots
indicate up-regulated DEmiRNAs, green dots indicate down-regulated DEmiRNAs, black dots indicate non-differentially expressed miRNAs. (E) Unsupervised clustering analysis of
the DE miRNAs in GSE95109. Red dots indicate significantly up-regulated miRNAs, green dots indicate significantly down-regulated miRNA:s. (F) Volcano plots of miRNAs in
GSE95109. Red dots indicate up-regulated DEmiRNAs, green dots indicate down-regulated DEmiRNAs, black dots indicate non-differentially expressed miRNAs.
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Figure 2 Venn Diagram of GSE48074 and GSE70574.
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Figure 3 Screening of p8
FunRich software. (B) The
target mRNAs.

regulating pluripotency of stem cells, and Th17 cell dif-
ferentiation (Figure 3C). Besides, the construction of the
protein—protein interaction (PPI) network is shown in
Figure 4. This network included 598 nodes and 1004
edges, under the conditions that the comprehensive Gt
score >0.7.
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ial transcription factors and target genes of differentially expressed miRNAs. (A) Identification of the potential transcription factors of DEMs by
0 of biological process, cellular component, and molecular function of the target genes of miRNAs. (C) KEGG pathway enriched by potential

miRNA-mRNA Regulatory Network

By using FunRich software, 598 potential target genes of 5
DE-miRNAs were obtained and only 1 of them differen-
tially expressed in GSE95109. The Venn Diagram showed
the results we screened (Figure 5A). To show the compo-
sition and relationship of target genes more intuitively, a

https://doi.org/10.2147/OTT.S311038
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sa-miR-99a and common target

ere identified which implied the crucial
node metastasis colorectal cancer
(Figure 5B).

Construction of Prognostic Risk Model
and Predictability Assessment

To identify the best prognostic miRNAs, the LASSO Cox
regression algorithm was applied for 20 prognostic-related
miRNAs. Nine miRNAs were selected to build the risk
signature based on the minimum standard (Figure 6A).
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Then, multivariate Cox proportional risk regression analy-
sis was carried out for 9 candidate prognostic miRNAs to
assess their independent prognostic values. According to
Cox model, 7 candidate miRNAs (hsa-miR-125a-5p, hsa-
miR-377, hsa-miR-100, hsa-miR-455-3p, hsa-miR-126,
hsa-miR-199a, and hsa-miR-99a) were selected as inde-
pendent significant prognostic factors. Seven prognostic
miRNAs were then combined to build a model to predict
patient outcomes. The AUC of 3 years survival for the 7-
miRNA signature achieved 0.809 and the AUC of 5 years
survival achieved 0.981, which proved that the model has
good performance in predicting the survival risk of color-
ectal cancer patients (Figure 6B). According to this risk
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A

Target mRNA

GSE95109

(B) Identified target mRNAs and miRNA-mRNA regulatory network.

model, patients were divided into high- and low-risk
groups. The results show that this model can well predict
the clinical outcomes of patients. We also analyzed the risk
score, survival status, and distribution of 7 miRNASs’
expressions in each patient (Figure 6C and D).

Hsa-miR-100, Hsa-miR-99a, and HS3ST2
Were Significantly Differentially

Expressed in CRC Tissues and Their
Corresponding Normal-Appearj

Tissues
By using FunRich software, we alsg

used to research the
GSE126093, G

GSE126093 dataset}
miRNAs is shown in Figure 7A-D. Besides, the results
showed that hsa-miR-99a and hsa-miR-100 were down-
regulated in both GSE108153 and GSE126093. As for
HS3ST2, it was also screened from the GSE146587 and
GSE110224 dataset, and the expression level of HS3ST2
is shown in Figure 7E and F. The results indicated that
HS3ST2 was up-regulated in both GSE108153 and
GSE126093.

and the expression level of the 2

HS3ST2

“hsa-miR-100

s (CRC) and lymph node metastatic cancer
CLN) were enrolled as a validation cohort. The
RT-PCR method was used to confirm the differential
pression levels from participant’s samples. Consistent
ith the microarray data, hsa-miR-100 and hsa-miR-99a
were significantly downregulated (Figure 8E and F) and
HS3ST2 was upregulated (Figure 8G) between 20 pairs of
lymph node non-metastasis cancer tissues and lymph node
metastatic cancer tissues which indicated that hsa-miR-
100, hsa-miR-99a, and HS3ST2 could be the candidate
biomarkers for CRC and CRCLN.

Discussion

Colorectal cancer can occur through the progression of
adenomas, which is the result of epithelial cell genetic
and epigenetic events. Some microarray articles have iden-
tified gene expression profiles in adenomas and cancers.'*"
6 In this present research, gene expression data of
GSE56450, GSE70574, and GSE95109 were searched
from the GEO. Five hundred and sixty-nine colorectal
cancer statistics were searched from the TCGA database.
We identified 6 cancer-related gene expression patterns,
suggesting that these 5 miRNAs play a role in promoting
the development of colorectal cancer. To learn more about

https:
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Figure 6 Identification of the signature significantly associated with the survival of patients with CRC in the training group. (A) LASSO Cox regression algorithm was used
to reduce the scope. (B) Time-dependent ROC curves analysis. (C and D) Risk score distribution and survival status for patients in high- and low-risk groups by the
signature (p<0.05).

Abbreviations: LASSO, least absolute shrinkage and selection operator; ROC, receiver operating characteristic.

the regulatory mechanism of the 5 miRNAs in colorectal  to the cytoplasm, nucleoside, transcription factor activity,
cancer, we used FunRich for further study. Function anno- and RNA binding. This is consistent with the recognition
tation indicated that these miRNAs were primarily related  that transcription factor activity and RNA binding are the
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Figure 7 The differential expression of hsa-miR-100 and hsa-miR-99a in CRC tissues and their corresponding normal-appearing tissues. (A) Validation of hsa-miR-99a in
GSE108153 (¥**p < 0.001). (B) Validation of hsa-miR-100 in GSEI08153 (***p < 0.001). (C) Validation of hsa-miR-99a in GSE126093 (***p < 0.001). (D) Validation of hsa-
miR-100 in GSEI126093 (***p < 0.001). (E) Validation of HS3ST2 in GSE146587 (**p < 0.01). (F) Validation of HS3ST2 in GSEI 10224 (***p < 0.001).
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Figure 8 The expression level of hsa-miR-100, hsa-miR-99a, and HS3ST2 in CRC tissues and CRCLN tis
node metastatic tissue and CRC lymph node nonmetastatic tissue (scale bar: 200x). (E) Validation of hs;

Validation of HS3ST2 (*p < 0.05).

main causes of tumor occurrence and development.'”'®

The cytoplasm in cancer cells is essentially different
from that in normal cells.'"” KEGG pathway analysis indi-
cated that these identified genes were mainly enrichgghin 5

pathways including Fatty acid elongation, MAPK

ing pathway, Autophagy, Signaling pathways regul

Several studies on the MAPK sig
shown that it participates in a di

otential as a therapeutic
ne diseases.”> Also, recent
dutophagy influences the interac-
ic tumor and the host by promoting stress
adaptation and S@pressing activation of innate and adap-
tive immune responses. Besides, it can promote cancer by
suppressing p53 and preventing energy crisis, cell death,

and an anti-tumor 23

senescence, immune response.
However, the regulation mechanism of these pathways in
colorectal cancer has not been reported yet.
MiRNA-mRNA regulatory network was built based on
Five differently expressed

hsa-miR-125b,

FunRich and Cytoscape.
miRNAs (hsa-miR-100, hsa-miR-375,

-miR-99a) and 1 potential gene
d by combining two screening results.

00 in Non-small cell lung cancer (NSCLC) altered
the expression of GRP78 and spliced XBP1 level within
UPR pathway. It may affect ER stress and lung cancer and
be used as a diagnostic biomarker of activated UPR in
NSCLC.** As for hsa-miR-99a, a previous study reported
low expression of miR-99a significantly predicts poor
prognosis in head and neck squamous cell carcinoma and
regulates cancer cell migration and invasion.”> Xu et al
also demonstrated that miR-99a inhibited the migratory
and invasive abilities by regulating the expression of insu-
lin-like growth factor 1 receptor and the miR-99a/IGF1R
axis may provide novel insight into the pathogenesis of
gastric cancer.”® As for hsa-miR-125b, a previous study
reported overexpression of hsa-miR-125b significantly
enhanced the ability of cell proliferation, migration, and
invasion in Head and Neck Squamous Cell Carcinoma,
with upregulation of C-C Chemokine Receptor Type 7.2
It also activates p53 and Induces Apoptosis in Lung
Cancer Cells.”® Besides, hsa-miR-125b may act as a can-
cer suppressor by regulating the BRCA1 signaling, and
reintroduction of hsa-miR-125b analogs could be a poten-
tial adjunct treatment for advanced/chemoresistant breast

cancers.29
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Besides, a 7-miRNAs signature (hsa-miR-125a-5p,
hsa-miR-377, hsa-miR-100, hsa-miR-455-3p, hsa-miR-
126, hsa-miR-199a, and hsa-miR-99a) of 569 patients
with colorectal cancer were constructed by using single
variable and multivariate Cox and risk scoring methods.
CRC patients were divided into a high-risk group and a
low-risk group. The results showed that the prognosis
predictive performance of the 7-miRNAs signature was
good in the TCGA CRC cohort. Besides, the 7-miRNAs
risk was an independent prognostic factor of CRC and
patients in the high-risk group showed significantly poorer
survival than patients in the low-risk group. ROC demon-
strated that the nomogram combining the 7-miRNAs sig-
nature performed the best in predicting short-term survival
(3-year and 5-year) for patients with CRC. All these
results indicated that the risk model developed from the
7 genes could be a useful indicator for CRC survival.

Through the combination of the GEO and TCGA ana-
lysis results, 2 miRNAs (hsa-miR-100 and hsa-miR-99a)
were identified for further research. We also found that
hsa-miR-100 and hsa-miR-99a had strong effects, which
all target HS3ST2. By using qRT-PCR and IHC, we also
found that they have different expressions in lymph node

firmed that abnor-
gene is important in
od carcinogenesis.>® Zuo et al
expression of HS3ST2 was upregu-
gtion-positive cervical tissues than in
the methylation-neg®ve cervical tissues. Besides, it may
play important roles in HPV-induced cervical cancer, and
that patients with specific hypermethylated genes may
have a greater risk of progressing to invasive cervical
cancer.>® The prognostic significance of HS3ST2 mRNA
expression in several cancer types has been evaluated.**
HS3ST2 protein expression could be used as a favorable
prognostic tissue biomarker in patients with primary

advanced-stage lung cancer.>® For gastric cancer, statistical

analyses using a chi-squared test showed that there is a
statistically significant difference in methylation level of
HS3ST2 genes between gastric cancer and uncancerous
patients and it may act as novel cancer-related molecular
mechanisms in the detection of new treatment strategies.*

Nowadays, with the development of precision medi-
cine, more and more attention has been paid to individual
differences in treatment methods. Therefore, it is necessary
to find new biomarkers and treatment methods for patients.
Our findings approved that many differentially expressed

mRNAs and miRNAs involved in the gh node metas-

matics tools, as well
samples, more dat

ed certain mechanisms of the develop-
al cancer. Plenty of differentially
and miRNAs were identified between
n-metastasis tissues and lymph node metas-

gs by usmg bioinformatics methods Also hsa-
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